In this paper, we model business investment distinguishing between ICT (communication equipment, hardware and software) and Non-ICT (machinery and equipment, and nonresidential buildings) components and taking into account asset specific characteristics potentially affecting the reactivity of capital accumulation over the business cycle. Business investment and ICT and Non-ICT assets are estimated within a VECM model to test, in a unique framework, the assumptions of the flexible accelerator model (Clark, 1944, and Koyck, 1954) and of the neoclassical model of Hall and Jorgenson (1967) , as well as how financial constraints and uncertainty influence investment behaviour (Hall and Lerner, 2010, and Bloom, 2007) . Our findings suggest that the long-run relationship with standard macro determinants (output and user cost) is verified for aggregate business capital stock as well as for individual Non-ICT assets but not for ICT. In the short run, liquidity is a key determinant of investment behaviour independently of the asset type. In the long-run, uncertainty significantly affects ICT. Finally, the results of the counterfactual exercises over the latest Italian recession support the idea that ICT is a key policy variable to foster the economic recovery.
Introduction 1
Since the seminal work of Clark (1917) up to the most recent contributions of Gaiotti (2013) and Bachmann et al. (2013) , the macro and micro economic literature have tried to identify the main factors influencing capital accumulation given its prominent role in boosting economic growth.
Aggregate demand and consequently short term growth are reduced by low investment that in turn negatively affects medium term growth via its impact on capital stock. In a recent analysis by Buti and Mohl (2014) it is shown that investment is definitely the main driver of the growth differential between the Eurozone and the US accounting for 20% and 21% of real GDP respectively. They estimate that a 5 percentage point reduction in the investment rate leads to a reduction of potential growth of around 0.5%. As a consequence, the design of policy measures to foster the most reactive components of aggregate investment turns out to be especially important in times of economic crisis.
Nevertheless, today there is still a weak empirical support for an inclusive macro or micro theoretical model able to provide effective policy suggestions to stimulate heterogeneous investment expenditures. At the macro level, especially, little is known about the determinants of asset specific business investment such as Information and Communication Technologies (ICT) as compared to other non-technological assets (machinery and equipment and non-residential buildings). Particularly, there is relatively limited work on modelling ICT investment (De Arcangelis et al.,2004; and Guerrieri et al, 2011) . But the increased economic relevance of innovation and digitalization as major drivers of sustainable economic growth makes the understanding of short and long run determinants of ICT investment a strategic policy issue. Moreover modelling asset specific investment dynamics is even more relevant for policy purposes since ICT and physical capital are driven by different forces. Firm level empirical analysis reveals that both ICT and physical capital investment are strongly demand-driven, but ICT investment adjusts more rapidly to a given demand shock. Further, ICT capital is characterized by above normal returns: evidence for European countries shows that a 10% increase in ICT capital is related with a 0.23% increase in firm's productivity (Van Reenen et al, 2010) . This suggests that programmes stimulating ICT investment may be beneficial for counter-cyclical policies.
In this paper, we model aggregate level as well as ICT and Non-ICT investments adopting a macro perspective. We test the empirical performance of structural investment models in a Vector Error Correction
Model (VECM)
2 where we jointly evaluate the assumptions of the flexible accelerator model (Clark, 1944, and Koyck, 1954) , and of the neoclassical model of Hall and Jorgenson (1967) , as well as the role of financial constraints and uncertainty (Hall and Lerner, 2010, and Bloom, 2007) behaviour. We also check for the existence of complementary effects between different types of investments.
To our knowledge, this paper offers an original contribution to the macroeconomic modelling of investment as well as to the ICT literature adopting a novel approach to model ICT and Non-ICT investment behaviour.
In the analysis, we make two core assumptions: the actual capital stock is dynamically related with the determinants of the desired stock (Caballero, 1999) ; and ICT and non-ICT capital may incur in different adjustment costs thus responding differently to macroeconomic shocks. The second hypothesis is based on the findings by Bloom (2007) suggesting that investment in knowledge capital (R&D) typically incurs flow adjustment costs, while investment in physical capital usually deserves stock adjustment costs, thus implying a different dynamics under uncertainty.
We test our approach on Italian business investment and capital stock by asset over the period 1980-2012. Our empirical results support the assumption that ICT and Non-ICT respond differently to macroeconomic fluctuations and that both aggregate business capital stock and its Non-ICT components (machinery and equipment, and non-residential) are cointegrated. But, we do not find any evidence of a long run relationship for ICT capital stock nor for any of its main components (communication equipment, hardware and software). This finding, coupled with the evidence of the existence of a cointegration relationship for ICT investment and its components, reinforces the hypothesis that ICT, as other knowledge based assets (R&D), incurs in flow adjustment costs consistently with the evidence in Bloom(2007) . Particularly, we find that the flexible neoclassical model can explain the long-run dynamics of Non-ICT capital, while ICT investment flows are driven by liquidity constraints, uncertainty and R&D.
Interestingly, financial constraints are a key determinant for short run investment decisions independently of the asset characteristics. The same holds for output in the long run.
Finally, we perform a counterfactual exercise in the framework of the Macroeconometric model of the Italian statistical institute (MeMo-It) to test our approach on the Italian data in [2008] [2009] [2010] [2011] [2012] [2013] . The analysis suggests the following: a lower level of uncertainty and better financial conditions could have accounted for a cumulate increase of nearly 5% in total business investment with respect to its level in 2013, and 1.2% in capital stock, thus increasing the GDP by 0.4%. ICT investment is the main driver of this result.
The paper is structured as follows. Section 2 surveys the basics of the macro and micro theoretical and empirical literature on investment models. Section 3 illustrates our model and empirical strategy, and section 4 shows our empirical results. Section 5 is focused on policy implications while section 6 concludes.
Modelling investment expenditure: macro and micro findings
Very few studies have analysed ICT investment determinants and most of them focused on factors influencing ICT adoption in small and medium enterprises (Consoli, 2012) . Traditionally, ICT capital accumulation has been widely investigated in the economic growth literature to clarify its impact on 3 Few papers have tried to assess the complementarity between ICT and R&D with opposite results (Van Leeuwen et al. 2009, Cerquera and Klein, 2008) .
productivity growth (Jorgenson and Stiroh, 1999; Jorgenson, 2001 The accelerator model of Clark (1917) and the neoclassical intertemporal optimisation model of Jorgenson (1963) have been the benchmark models to explain aggregate investment behaviour.
Investment decisions have short-and long-run characteristics that have to be taken into account when modelling investment behaviour (Bernanke, 1983) . Generally, macro theoretical models assume a long run perspective focusing on the idea that an investment occurs when expected returns over the life of the project exceed its costs (Hall and Jorgenson, 1967; Eisner, 1967; Tobin and Brainard, 1977) .
The macro structural models were empirically tested since the beginning of the 1970s. Clark (1979) provided an extensive analysis of the output-based and security-value models using U.S. macro data. He found that a good explanation of factors influencing investment in machinery and equipment can be obtained adopting the accelerator model. Few years later Gordon and Veitch (1986) went back to the standard approach to estimate structural investment equations demonstrating that since economic aggregates play multiple roles in explaining investment behaviour it is possible only to estimate reduced form equations (Chirinko, 1983) .
The modest empirical performance of macroeconomic models and the need to analyze investment properties at higher frequencies determined a shift from macro to micro data analysis (Caballero, 1999) .
However, as largely demonstrated, the most popular empirical implementation, the q-model of Brainard and Tobin (1968) , and Tobin (1969) , has a low performance since it produces estimated coefficients for the Q variable (the measured shadow value of capital) which imply unrealistically high marginal adjustment costs and therefore implausibly slow adjustment speeds (Whited, 1994) . The q-model is seriously misspecified because it does not allow for market imperfections (Hubbard, 1998) , non-convex adjustment costs (Caballero, 1999) , and fixed adjustment costs and irreversibility (Bertola and Caballero, 1994 , Caballero et al., 1995 , and Cooper and Haltiwanger, 2006 which may differently affect individual capital inputs and be more relevant for intangibles than for tangibles, or for buildings than for equipment. 4 So, aggregation of capital inputs fails to consider that capital is heterogeneous and that firms use many types of capital assets in the production process. The assumption of capital homogeneity might be responsible also for the poor empirical performance of the neoclassical inter-temporal optimization investment model (Chirinko, 1993) . 4 A further problem derives from difficulties in measuring average Q as the ratio of the stock market value of the firm to the replacement cost of its assets. The book value of a company usually does not capture intangibles: the expenditures for R&D, advertising, and the like are expensed rather than treated as assets, even though they are expected to yield future profits. And if stock market is not strongly efficient a firm's market value can differ from its fundamental value because the stock market fails to properly value tangibles and, to a higher extent, intangibles (Bond and Cummins, 2000) .
A possible solution to deal with capital heterogeneity is that of relying on the structural model based on the Euler equation which can be extended more straightforwardly than the q-model to the case of more than one quasi-fixed factor (Bontempi et al., 2004) . This approach shows that together with dynamics, output and the user cost of capital, other determinants are important for investments.
As noted by Pindyck (1991) , irreversible investment is especially sensitive to uncertainty about future cash flows, interest rates, or the ultimate cost of the investment. The theoretical relationship between uncertainty and investment is ambiguous: predictions are different according to the assumptions on adjustment costs, firms' profit function and managers' or investors' utility functions. As we move away from perfect competition and constant returns to scale towards a concave marginal revenue product of capital and asymmetric adjustment costs (irreversibility), the relationship is supposed to be negative (Bernanke, 1983 , McDonald and Siegel, 1986 , Pindyck, 1988 , Bertola, 1988 , Dixit and Pindyck, 1994 . The empirical evidence based on micro-level data is however prevalently focused on tangible investments (Leahy and Whited, 1996 , Guiso and Parigi, 1999 , Bontempi et al., 2010 , Bianco et al., 2013 , Kang et al., 2014 for a survey Carruth et al., 2000, and Greasley and Madsen, 2006) The negative effect of uncertainty on investment might proxy for credit constraints and/or agency costs: inherently riskier firms may find it more difficult to finance their spending and hence they may plan a lower amount of investments. Therefore, capital market imperfections and the role of internal funds are shown to be relevant in the literature on physical capital, since Fazzari et al. (1988) to Bond and Meghir (1994) . Investment in R&D is usually considered even more affected than tangibles by financial constraints (e.g. Himmelberg and Petersen, 1994, Czarnitzki and Hottenrott, 2009 ). Hall and Lerner (2010) describe some of the unique characteristics of R&D investment that could explain why external finance for R&D might be more expensive than internal finance. In the empirical analysis we implicitly assume that the same might be true for ICT.
The empirical approach
Our empirical strategy hinges from different macro and micro theoretical models to identify short and long run determinants of technological and physical investment expenditure. We examine the characteristics of investment decisions distinguishing between aggregate (total business expenditure, agg)
Non-ICT (machinery and equipment, me and non-residential, nres), and ICT assets (ict) 5 .
According to the flexible accelerator model (Clark, 1944, and Koyck, 1954) investments can be represented as :
where I j is the investment, K *j is the desired stock of capital, and β j are parameters while superscripts j = agg, me, nres, and ict denote different asset types.
Given that K *j is unobservable, we can define it (Eisner, 1969) as a function of income and substitution effects, and the latter are measured by the neoclassical cost of capital:
where Y is the output, ϕ j are parameters, and UC j is the cost of capital, which can be defined on the basis of the classical Hall and Jorgenson (1967) formula as (see e.g. Caballero, 1994) :
where j t R is the cost of the borrowing; j t δ is the depreciation rate, j t π is the rate of change of investment prices; j ψ is an arbitrary risk premium; t c is the rate of investments' subsidies; t τ is the corporate tax rate; j t P is the price of investment in good j, and t P is the product price.
The accelerator and the neoclassical models are nested in the general model obtained by substituting equation (2) k as trying to keep pace with it. Thus, the differences between these two variables should only be transitory (see for example Caballero, 1999) . Let u is the residual measuring transitory discrepancies due to adjustment costs. Substituting (2) in (4) we obtain the traditional static relationship where the determinants of the desired capital stock explain directly its actual realizations
The empirical literature suggests that uncertainty and financial constraints might be relevant to explain especially short-run capital fluctuations (Hubbard, 1998 , Gaiotti, 2013 Therefore transitory discrepancies between desired and actual capital stock can be modelled as a function of 6 Among macro papers, de Bondt and Diron (2008) find that financing constraints are relevant for aggregate investment.
The findings in Parigi and Siviero (2001) reveal the importance of business confidence (interpreted as a measure of expectations on accumulation and of uncertainty) to determine investment decisions. liquidity constraints (liq), uncertainty (unc) and a miscellanea of other effects, j t ν , which are possibly autocorrelated because of the omitted dynamics generated by the adjustment costs:
However, both equations (5) and (6) are unavoidably mixed in the data generation process. Thus to explore long-and short-run fluctuations in a comprehensive framework, we adopt the Vector Error Correction Model (VECM) approach of Johansen (1995) . In this context, we can cope with the issues of estimating the number of long-run relationships (i.e. the cointegration rank), and of testing for the weak exogeneity of a subset of variables in a multivariate framework, where all the variables of interest are a priori endogenous.
The Johansen approach is sketched by the following general VECM representation (for simplicity we omit the superscript j):
where: Z is the (n×1) vector of n I(1) or I(0) variables explained by the system, and ∆ is the first-difference operator, C is the (d×1) To model aggregate capital stock we define the vector of the dependent variables as
. This model representation is appropriate to test the exclusion of liquidity and uncertainty from capital stock's long run relationship and the weak exogeneity of all the other variables imposing appropriate parameter restrictions, see also Hausman (1978) and Urbain (1992) . If the restrictions are not rejected, then the VECM (7) can be reduced into the single-equation (8) The first row of equation (8) shows the conditioning explanatory variables (p = 2), while the second row reports the corresponding lags. In the last row, the equilibrium correction term is reported in brackets, where the long run parameters contribute to the definition of the target level of capital:
Once equation (8) is solved, we can obtain the corresponding level of business investments adopting the perpetual inventory accounting identity:
in which investments are defined as the difference between the changes of the levels of capital stock and the amount of past capital depreciation (δ is the depreciation rate).
To model ICT and Non-ICT capital accumulation in the framework of equation (7) it is necessary to estimate a vector of nine variables (i.e. six asset-specific variables -stocks and user costs -plus output, liquidity and uncertainty). Under the assumption of separate cointegration (Granger and Haldrup, 1997) , the estimation by asset is addressed by
, for j = me, nres and ict. In other words, under the assumption of separate cointegration, the estimation can be performed by three parsimonious sub systems, which in analogy with the aggregate case are modelled by asset.
The empirical results
In this section we statistically describe the main characteristics of ICT and Non-ICT dynamics in Table 1 reports a number of classical business-cycle time-series indicators (Schlitzer, 1995) to measure volatility, persistence, and co-movement of each variable of interest (in general, X t ) with respect to the output gap (i.e. the reference variable).
Stylised facts over the cycle

Table 1 here
The growth rate of GDP and investment in machinery have approximately the same volatility of the output gap (the reference series) over the cycle, while non-residential investment are significantly less volatile. ICT investments and its main components, as well as R&D, are twice more volatile than physical assets. According to the persistence indicators all the variables in Table 1 are broadly stationary, albeit at different degrees.
7 Investment ratios are more persistent than the rate of growth of GDP and employment, 7 The permanent inventory method relating investment and capital stock,
, implies that the investment ratios in Table 1 are linked to the growth of the capital stocks. Unreported unit root tests show that loglevels of capital stocks are I(1), as their first differences always reject the null of unit roots.
with first order autocorrelations equal to 0.7 or above. Non-residential buildings, software (sw) and R&D expenditure (berd) show the highest degree of persistency. Finally, GDP growth and investment ratios in machinery and buildings are pro-cyclical and coincident (or slightly leading), while ICT and R&D expenditure are a-cyclical (hardware resembles machinery and equipment).
The descriptive analysis supports the idea that Non-ICT physical assets and ICT (but also R&D) evolve and react differently over the business cycle and that the dynamics of aggregate business investment is substantially similar to Non-ICT capital.
The cointegration analysis
The cointegration analysis has been performed using the Johansen's rank-test based on VECM (7) at the aggregate level and by asset. The 5 vector variables includes the three components of the classical capital stock model together with a measure of uncertainty and a measure of liquidity constraints
. The estimation results are reported in Table 2 . Table 2 here A significant cointegration relationship is identified for aggregate stock as well as for Non-ICT assets while we do not find any cointegration relationship for ICT 8 stock. The identified cointegrated vectors support the relationship between desired capital stock and its classical determinants (output and user costs).
In the long run, aggregate stock and Non-ICT assets adjust to desired stocks whose determinants are weakly exogenous 9 .
The long run desired capital stock elasticity to output (restricted VAR3, Table 2 ) is very close to one in the aggregate specification, and significantly higher than (lower than) one for machinery and equipment (for non-residential buildings). The significant negative value (below -1) of the capital stock elasticity to the user cost rejects the accelerator model but supports the prediction of the flexible neoclassical model.
The speed of adjustment of actual to desired capital stocks is rather slow, suggesting the presence of dynamics with relevant adjustment costs, especially for non-residential buildings. The long run estimates above reinforce the prediction of Caballero (1994) that -when there are relevant adjustment costs -the standard deviations of the desired stocks is larger than the actual stocks 10 .
ICT capital stock behaves rather differently. The cointegration rank tests deliver the following results: the rank is larger than one in VAR5 and zero (no cointegration) in VAR3. As far as VAR5 results are concerned, the cointegration finding that r>1, together with the strong rejection of the weak exogeneity restrictions, support the assumption that the underlying long run relationships in reduced form are a combination of target capital stock determinants and liquidity and uncertainty rather than the classical capital stock equations.
11
This hypothesis has been tested looking both at the individual ICT components, namely communication equipment (ct), hardware (hw) and software (sw) and at R&D. The analysis is reported in Table 3 , in which the first two columns for aggregate ICT replicate the last two columns of Table 2 to ease presentation. Results can be summarized in three main findings. Table 3 here
First, ICT components and R&D behave as aggregate ICT, hence they react to different determinants compared to Non-ICT physical capital. Second, the user cost of capital does not play any relevant role in the long run, as it is never significant and has opposite sign in eight cases out of ten. Third, the weak exogeneity of uncertainty and liquidity constraints is always strongly rejected.
The ICT analysis supports the hypothesis that technological capital responds differently than Nontechnological capital to macroeconomic shocks; one reason could be that ICT, as other knowledge based capital like R&D, experiences flow adjustment costs rather than stock adjustment costs (Bloom, 2007) . To further improve our understanding of ICT driving factors we test a VECM specification on ICT investment rather than capital stock. To test for the existence of possible complementarity between ICT and R&D we also extend equation (7) including the log GDP share of R&D (Table 4) .
Table 4 here
All variables (including uncertainty) are weakly exogenous: the disequilibria only feed short run changes in actual investments. The joint restrictions that the elasticity of investment to output is equal to one and that the elasticity to the user cost is equal to zero (i.e. the user cost plays a transitory role) are not rejected. Under these restrictions, in the long run, the ICT output ratio (in logs) is positively correlated with financial liquidity constraints and R&D, and negatively related with uncertainty. In particular, the long run ICT elasticity to uncertainty is not significantly different from minus one, while the long run effects of liquidity and R&D are smaller in absolute values. The speed of adjustment of actual to target ICT investments is estimated around 0.27 (i.e. about one-quarter of the discrepancy between desired and actual investment is closed after one year), denoting flow adjustment costs which are considerably lower than the aggregate), and for non residential buildings this ratio is clearly higher (about five-six times, denoting the highest adjustment costs).
11 This interpretation is also supported by opposite-signed and/or quite imprecise long run ϕ 1 and ϕ 2 estimates in the VAR5 where probably wrong restrictions to identify the long-run capital stock equation are imposed. stock adjustment costs experienced by business, machinery-equipment and non-residential buildings.
12
Overall our findings for ICT corroborate the hypothesis of Bloom (2007) for R&D.
In 
The elasticities of the investment-capital stock system
To characterize the different sensitivity of aggregate and disaggregate investment and capital stock, we first define an investment-capital stock system of stochastic and deterministic equations where liquidity constraints and uncertainty interact with the traditional determinants of investment expenditure, output and user cost (A1-A8 equations in appendix A.2). In the investment-capital stock system we evaluate short and long run composition effects comparing the sensitivity of total (agg) capital stock and investment (equations A9-A10) with that of capital stock and investment obtained summing across the assets (sum, in equations A11-A13).
Second, we derive the steady state solution of the system through its simulation 90 periods ahead where all the un-modelled variables are assumed to remain constant at the level of the last end-of-sample observation.
Finally, we calculate the short and long run elasticities of agg and sum variables perturbing our selected determinants. Table 5 reports the main results.
Table 5 here
The estimated output elasticities tend to significantly differ in the short-run, while the user cost (i.e. the interest rates) elasticities do not diverge. In the long run, the output elasticity of investment and capital stock are obviously similar to those estimated by the cointegrated relationships in Table 2 and Table 4 . The zeros corresponding to the agg columns reveal that the aggregate modelling of capital stock admits the exclusion of uncertainty and liquidity effects, that instead play a significant role in the individual asset specifications.
The sum outcomes show that an improvement in the liquidity conditions has an impact about five times larger than the effect of a reduction of uncertainty. Then the identified long run cointegration between ict investment and uncertainty suggests that uncertainty permanently affects ICT expenditure (a 10%
12 As for capital stock targets, also ICT investment targets show standard deviations which are larger than the actual ones (results not reported in Table 4 , but available upon request).
increase in uncertainty reduces the long run business investment level by about 1%), while the liquidity impact vanishes in the long-run.
Policy implications
Our analysis shows that the dynamics of Non-ICT and ICT capital is subject to a different set of drivers, both in the short-and in the long-run since they respond differently to macroeconomic shocks. From a policy perspective this is a relevant result suggesting that the identification of asset specific policy design can be very important to stimulate single and aggregate investment expenditure.
Further, the relatively higher reactivity of ICT supports the idea that in a period of economic downturn when the opportunity cost of a company's resources is reduced, so that it has a greater opportunity to reorganise production and other business processes, there is increasing scope for innovation without sacrificing growth (Bhaumik, 2011) . Therefore during a recession policymakers should definitely stimulate productivity enhancing investments, such as those in knowledge based assets, to encourage economic recovery.
In periods of recession high level of uncertainty and low level of liquidity could negatively influence behavioural responses of firms and consumers as shown in e.g. Romer (1990) Figure 2 ).
15 Table 6 shows that over the years 2008-2013, a lower level of uncertainty and better financial conditions could account for a cumulate increase of almost 5% in business investments with respect to their level in 2013, and 1.2% in capital stock. GDP would have been raised by 0.4%, and employment by a slightly smaller amount (0.2%, corresponding to an increase in the number of full time employees by about 50 thousands).
Table 6 here
Remarkably, Non-ICT and ICT investments react differently to uncertainty and liquidity changes.
Although ICT investment is more sensitive to uncertainty, financial conditions play a relevant role: smaller uncertainty coupled with higher level of liquidity would make them increase by a cumulate 25% in six years.
Both investments in machinery and equipment and in non-residential buildings react to both shocks, with a higher sensitivity to the financial conditions (improving by 2.3% and 1.7% respectively).
14 MeMo-It is an annual model composed by 53 stochastic equations and 78 identities, and represents a New Keynesian economic system including households, firms, public administration, and a foreign sector. MeMo-It is structured into five main blocks supply side, labor market, demand side, prices, and Government. For more details see Bacchini et al. (2013) . Of course, the three disaggregate investment equations replace the pre-existing (aggregated) one. 15 In particular, in the counterfactual the liquidity indicator is assumed to ignore the deep financing trough of 2012, by shifting back the observations for 2013 and 2014, as if the hole of 2012 never happened. Further,we recognize that our results are surrounded by the usual caveats emerging from any macro-econometric counterfactual.
Concluding remarks
In this paper, we modelled the dynamics of business investment taking into account asset specific characteristics potentially affecting the reactivity of capital accumulation at the aggregate and disaggregate level over the business cycle. Our analysis corroborates the assumption that ICT and Non-ICT investment decisions are driven by a different set of determinants, both in the long-and in the short-run. Additionally, our finding support the idea that tangible and intangible assets have different speed of adjustments to macroeconomic shocks because they incur in different adjustment costs. ICT as other knowledge based assets typically incur in flow adjustment costs thus being more reactive to fluctuations over the business cycle (Bloom, 2007) .
We found that individual investment characteristics matter since we observed highly heterogeneous behaviour of each asset over the business cycle. In the short run, liquidity constraints and uncertainty are key determinants of Non-ICT capital accumulation, while ICT investment is driven by the interest rate and financial constraints. In the long run instead, uncertainty and output have permanent effects on ICT, while Non-ICT tangible capital is affected by output and the user cost as suggested by the flexible neoclassical model.
Our simulation results support the idea that ICT is a key variable to assess sound policy measures to stimulate economic growth. This finding is consistent with the empirical literature that widely demonstrated that ICT investment generates higher returns to growth than the other capital assets thus producing higher level of GDP (Jorgenson and Stiroh, 2000, Jorgenson and Vu, 2007) .
We tested our model on the Italian data over the period [2008] [2009] [2010] [2011] [2012] [2013] . Simulation results show that better financial conditions and lower uncertainty could have helped the recovery of the Italian economy after the Great Recession, mainly through their impact on ICT.
Our findings provide a contribution to the European policy agenda emphasising the central role of investment specific policy measures necessary to reduce economic growth differentials both inside the union and with respect to the US. The issue is particularly relevant in the peripheral countries where the increasing investment gap would probably be substantially reduced stimulating the expenditure in investment components with higher output elasticities, such as ICT. Future research developments will be devoted to test our investment capital stock system of equations on a the Eurozone countries with the aim of building a new framework for investment policy programmes.
Appendix A1 -Data sources
Aggregate (j = agg) and disaggregate (j = me, nres, ict) capital stock and investments data are drawn from the ISTAT National Accounts (NA) and they refer to the Italian business over the period 1980-2012. Series are available at both current prices and in volumes (chained index). Non-residential capital stock (nres) is the difference between business capital stock (agg), machinery and equipment (me) and ICT (ict).
From the NA source, we can compute the series of capital stock and investments in volume, respectively j t K and j t I , and the corresponding series of investment deflators j t P , obtained as ratios between investments at current prices and those in volumes. Output series is measured by GDP in volumes. In the user cost's formula (3): t P is the GDP deflator; j t π is the rate of change of investment prices (measured by j t P log ∆ ); the rate of investments' subsidies ( t c ) is the ratio between Government subsidies to investments and the value of business investments in the previous year. The cost of borrowing j t R is given by the average of the rate of interest of long terms Government bonds (BTP) and ISTAT estimates of the rate of interest implicitly used in collecting information to compute capital stocks; the arbitrary risk premium ( deflating its values with the GDP deflator. In order to compute the R&D stock, we used the perpetual inventory method with constant depreciation rate (assumed, as customary, equal to about 0.4 -see e.g. Hall, 2007, and Bontempi and Mairesse, 2014) . In steady state, the initial value of the capital stock is proxied by
Although we acknowledge that this is a very crude method, it is just an early estimate subject to possible improvements. The output gap series is from the Ameco database of the European Commission. 3  2  1  3  2  1  3  2  1  3  2  1   3  2  1  3  2  1  3  2  1  3  2  1  3 ρ , where k= -2, -1, 0, 1, 2). With annual data, we assume that two lags are enough to account for all the relevant dynamics.
(a) * denotes 5% significance from one of the variance ratios in the volatility columns, while it denotes 5% significance from zero of the correlations in the persistence and comovement columns. 
Correlations between each variable in t and the output gap in t+k, with k = -2, -1, 0, +1, +2.
We focus on growth rates for GDP (
) and on investment ratios by asset ( j t j t K I 1 / − , with j = agg for aggregate, me for machinery-equipment, nres for non-residential buildings, ict for information and communication technology). We also exploit the disaggregation in three components of ICT investments, namely ct (communication equipment), hw (hardware) and sw (software). Finally, we computed the same indicators for the ratio of R&D expenditure on its stock ( j = berd). Details about data sources are in Appendix A1. Given the aforementioned problems in inferences because of over-parameterization, we cross-validate results by assessing their consistency in the context of both VAR5 and VAR3. Hence, for each asset, results from two different VAR specifications are reported: the 5 variables specification (VAR5) and the restrict one (VAR3) that does not include information on uncertainty and financial constraints.
(a) Dependent variables' vectors of VECM (7): Obtained by perturbing the steady state solution of the four explanatory variables listed along the rows. The short-run elasticity is computed one period (year) after the shock, the long run corresponds to the last simulation year (i.e. about 90 periods after the shock). Standard errors (in parentheses) are boostrapped in stochastic simulations of the system (1,000 replications). Simple zeros denote that the corresponding parameters in the system are restricted to zero, while "decimal zeros" suggest the numerical irrelevance of the elasticity.
Tab. 6 -The price of the political uncertainty and financial conditions (a) 
